Pre-harvest desiccation in order to minimize the time of exposure to abiotic factors after physiological maturity is a practice used in the production of quality seeds. The aim of this work was to evaluate the physical, physiological and sanitary quality of wheat seeds from plants that received non-selective herbicide application at pre-harvest. For this, the treatments were applied on pre-harvest culture. A completely randomized design was applied. We use the herbicides (glufosinate-ammonium, glyphosate and paraquat), phenological stages of herbicide application (Z-83, Z-85, Z-87, Z-92) and additional treatment (without application). The routine tests that express the physical, physiological and sanitary integrity of seeds were evaluated. For herbicide treatments, there was an 8% and 26% reduction in germination under laboratory conditions for BRS Parrudo and Sinuelo, respectively. Soil emergence was 14% higher for the control treatment, not statistically different for the Z-87 and Z-92 stages and also for the herbicides glufosinate-ammonium and glyphosate for both cultivars. The application of non-selective herbicides on wheat pre-harvest impairs the physical and physiological quality and promotes faster deterioration. Vigor is reduced under stress conditions by cold test and accelerated aging. There is no influence on seed sanity.
Introduction
The use of wheat seeds [Triticum aestivum (L) .] of high quality can provide a fast establishment of plants, thus, ensuring the number of plants per area which is the first component of the yield to be set. In the reproductive stage the occurrence of unfavorable environmental factors can affect the seed quality. Temperature and relative humidity, as well as, high levels of rainfall are commonplace in late spring in southern Brazil. Reducing time of exposure of seeds to stress caused by the environment is a viable strategy to ensure the physical, physiological and sanitary quality [1] [2] . Harvesting with seed moisture between 30% -35% maintains the compounds of production, however, the germination of seeds is impaired [3] . Another alternative is to promote drying of the plant by applying non-selective herbicides in order to anticipate the harvest [4] .
Herbicides can be used in the pre-harvest for weed control, as well as, promote drying of the plant and force the loss of the moisture content of the seed mass, promoting harvest more quickly and efficiently [5] . The non-selective herbicides are most often used before sowing or otherwise, in genetically modified cultivars with the restriction enzyme. The glufosinate-ammonium is of low mobility in the plant, acting in the course of glutamine synthetase, interfering with the metabolism of glutamic acid. Two to four hours after application the photosynthesis decreases and the plants are yellow and die within two to five days. This herbicide is recommended for use on pre-harvest of wheat, being the active ingredient in the composition of the single commercial product registered in Brazil for this purpose [6] . The glyphosate is a non-selective systemic herbicide that inhibits the 5-enolpyruvyl shikimate-3-phosphate synthase (EPSPS).
Plant growth is inhibited soon after application, accompanied by leaf chlorosis and necrosis in general four to 10 days depending on the susceptibility of the deeds. This herbicide is recommended in several countries (United States, Canada, among others) for pre-harvest application, the most common being indicated the use when the seed moisture is close to 30%. The paraquat is a contact herbicide that inhibits photosynthesis at photosystem I. The wilting and drying occurs rapidly within a few hours after application in full sunlight. Complete leaf necrosis occurs within one to three days. This herbicide can be used in pre-harvest of cultures, including soybeans. Must be applied three to four weeks before harvest, when 65% of the pods ripen and present seed moisture less than 30% [7] [8] [9] .
The decision on the timing in pre-harvest for herbicide application is crucial to the success of the practice. Often, it is suitable when the plant is physiological maturity and has the lowest seed moisture as possible. In this way, the possibility of herbicide vascular tissue translocation is minimized, and the main route of contamination would be direct contact caused by spraying [10] . In the culture of wheat, [11] indicate the adoption of a practical criterion for the detection of physiological maturity. The node just below the spike may have green, unlike the rest of the plant. In field conditions, these characterizations can be very subjec- 
Treatments Description
The treatments were randomized in a factorial plus additional treatment (3 × 4 + 1), totaling 13 treatments. On the first factor, were allocated the three herbicides, the second factor were allocated the four phenological stages of application of herbicides and the additional without application. As for the herbicides: glufosinate-ammonium [ ) e paraquat (Gramoxone®, 400 g a.i. ha −1 ). As the phenological stages of application of herbicides [16] : Z-83 (seed of early dough and green color, sticky content when crushing the caryopsis between fingers), Z-85 (seed of soft dough and light green color, when pressed with the finger nail impression not held), Z-87 (seed of hard dough and seed red clear color, when pressed with the finger nail impression held) and Z-92 (seed of too hard and red color, and may not be finger nail press). As for the additional treatment: there was no herbicide application, with de point of harvest determined by the physiological maturation of at least 95% of the spikes, pale color and decumbentcurvature. The herbicide treatments were applied using a CO 2 , pressurized backpack sprayer . Drinking water was used without the addition of adjuvants and surfactants.
Drying, Storage and Characterization of Seeds
This work was carried out in the Laboratory of Seed Research and Teaching (UFSM). The seeds were dried naturally by exposure to the sun until reaching the optimum moisture for storage (13% -14%). The seeds were stored in paper hours. The 1000-seed mass was determined by measuring the mass of eight plots of 100 seeds [17] (Table 1) .
Physiological Evaluation
Germination was evaluated by the first count of the germination test (FCGT) and germination (GER). We used 800 seeds, sown in germiteste moistened paper rolls to 2.5 times the mass of the dry paper and kept in the incubator at 20˚C.
The evaluations were conducted at four and eight days after beginning of the test [17] . Normal seedlings were considered those who have a root system with at least 2 mm long and with coleoptile straight and well developed.
It was calculated the speed index (SI) the sowing of 800-seeds in soil substrate.
The daily count of the number of emerged seedlings until that number remained constant, being considered the emerged seedlings visible on the surface of the substrate. The emergencein soil (EMERs) was determined by counting the plants emergedin 20 days after sowing.
Seedling Morphology
Were measured the seedling shoot length (SL) and radicle (RL), selecting at random 20 normal seedlings after four days of germination test installation [18] .
For the measurements was used a plastic ruler graduated. With those same selected plants was determined to seedling dry mass (SDM). The seedlings were deposited in paper packages, taken to a laboratory oven at 70˚C until reaching a 
Seed Vigor in Stress Conditions
Germination by cold test (CT) was done according to methodology described for germination testing, adapting to the conditions of time and temperature in 5˚C
for seven days, respectively [18] . After this period, the incubator was regulated to 20˚C for four more days, being evaluated the 11th day. Germination by accelerated aging test (AA) was done initially in transparent plastic germination boxes (gerbox) containing 40 mL of distilled water at the bottom. An aluminum screen was then fixed at the upper edge of each gerbox where seed of each subsample were uniformly distributed on a single layer. The sets (gerbox + seeds) were subsequently placed into a controlled environmental chamber (at 43˚C) during 48 h. After that period, the seeds of each gerbox were subjected to first count of the germination test as previously described.
Physical Evaluation
The indirect measurement of physical integrity was made by electrical conductivity (EC). Four replicates were used of 50-seeds with weight set, deposited in beakers and immersed in 75 mL of distilled and deionized water, taken the incubator at 20˚C, for a period of six hours. After this period, a conductivimeter was then used to measure the electrical conductivity of the solution [21] .
Sanitary Evaluation
The incidence of pathogens was evaluated by blotter test (BT).The incidence of pathogens was evaluated by blotter spot test (BT). 200 seeds were used, divided into four repetitions and placed in gerbox, seed dispersal on two sheets of paper germiteste sterile and moistened with distilled and autoclaved water in proportion to 2.5 times your weight [22] . A solution of 1.05% sodium hypochlorite was 
Data Analysis
For the analysis, a completely randomized design was used and the tested culti- 
Results
About the interactions, it was verified that most of them were significant, as well as, contrasts with results favorable to the treatment without application (TWA) ( Table 2 and Table 3 
BRS Parrudo
The first count of the germination test (FCGT) was 18% higher than for the treatment without application (TWA), differed statistically of the treatments with herbicides, except for the Z-92 stage (Table 4) The most efficient application stage was Z-92 for all the herbicides tested and reduction of this character with the anticipation of application to earlier stages. The glufosinate-ammonium presented 8% and 31% increase in relation to glyphosate and paraquat, respectively. For herbicide treatments, there were an 8% decrease in germination test (GER), differing statistically from the TWA. There was reduction for the first three application stages. In the Z-83 stage, glyphosate (73.3%) and paraquat (46.0%) were negatively characterized because germination averages below the minimum limit allowed by legislation (80.0%). (1) , treatment with herbicides (2) and not significant (ns) .
respectively). In two early stages (Z-83 and Z-85) the applications of glufosinate-ammonium originated seedlings of largest SL; in contrast, to the last two application stages (Z-87 and Z-92), paraquat applications have higher seedling.
The Z-92 stage did not statistically differ from TWA in SL. As for SDM, the applications in the Z-83 and Z-92 stages are independent of the herbicide used; the treatment with paraquat applied to Z-85 resulted in heavier seedlings, as well as, glyphosate in the Z-87 stage. Seedling radicle length (RL) was also influenced by G. M. Fipke et al. (1) , treatment with herbicides (2) and not significant (ns) .
herbicides, differing statistically from TWA, except for the Z-87 and Z-92 stages.
In general, the herbicide glufosinate-ammonium independently of the phenological stage of application originated seedlings with higher roots length.
The TWA presented 16% higher germination speed index (SI) than herbicide treatments, differing statistically for the herbicide paraquat, as well as, the Z-83 stage ( Table 5 ). The two initial stages presented the smallest indexes, except for the herbicide glyphosate. Emergence in soil (EMERs) was 14% higher for TWA G. M. Fipke et al. (1) , treatment with herbicides (2) and not significant (ns) .
and did not differ statistically for the Z-83, Z-87 and Z-92 stages and also for the herbicides glufosinate-ammonium and glyphosate. However, the results of plant shoot lenght (SLs), dry mass (PDMs) and root lenght (RLs) emerged in soil, coincided with the characters measured in laboratory conditions, i.e., they did not differ statistically for the first two and there were 16% (TWA) for RLs.
To the cold test (CT), TWA did not differ statistically from herbicide treatments, except for the Z-83 stage and the herbicide paraquat; for these conditions the TWA obtained increases of 16% and 15%, respectively (Table 6 ). For the accelerated aging test (AA) there was a reduction for the herbicide paraquat (26%) and the Z-83 stage (37%). The electrical conductivity test (EC) showed 47% difference between TWA and herbicide treatments.
For the blotter test (BT) there was no statistical difference between the contrasts, but the herbicide paraquat reduced the incidence of fungi by 11% when compared to the TWA (Table 7) . There were 53% and 26% incidence of Fusarium sp. (FUS) and Cladosporium cladosporioides (CLA), respectively. There was a 31% reduction in the incidence of Alternaria alternata (ALT) for TWA in relation to herbicide treatments. Germination in CT and AA was higher in TWA treatment (25% and 46%, respectively) compared to herbicides treatment (Table 6 ). Applications on Z-92 stage (93% and 66%) does not interfere in these characters, when compared to their respective plots without application (96% and 72%). The deterioration in seeds imposed by application of herbicides was evidenced by present EC twice against TWA, except for the Z-87 stage and Z-92 which did not differ statistically. For BT there were no statistical differences between the contrasts; (58%) and ALT (23%), which presented a double incidence (53%) for treatment with glufosinate-ammonium compared to TWA (Table 7) .
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Discussion
The results from the FCGT and GER tests showed the same relation in their means, with a reduction of the physiological potential with applications previous to the Z-87 stage, as well as, the use of glyphosate and paraquat herbicides. These two herbicides affect wheat germination, with a more pronounced effect for the second that is 7% more harmful than glyphosate [4] . The glufosinate-ammonium when applied in pre-harvest with 26, 33, 40 days after flowering does not affect the germination in relation to control, without application [12] . On the other hand, doses from 1 kg·ha −1 of glyphosate applied to winter wheat at the Z-87 stage reduce initial vigor, germination and increase the occurrence of abnormal seedlings [26] .
As for the application stage, [4] obtained an increase in germination in early applications, as in stage 11.2 [27] . This phenological stage comprises the interval between stage Z-83 and Z-87, in this way, opposing the results of the present study. The authors report that application at a later phenological stage was compromised by adverse climatic conditions during the harvest period. Sustaining this narrative, [13] also claim that there is no reduction in germination, since the seeds are in physiological maturity, 34% -40% seed moisture and with plant tissues of yellowing. The application with moisture contents of the seed, such as 49% -53%, reduces germination by up to 70% [28] . Comparing with our results, we can infer that the pre-harvest application of the herbicide glufosinate-ammonium does not affect the physiological quality expressed by the vigor and germination of seeds in the wheat crop. However, the most efficient application stage does not correspond to a satisfactory harvest anticipation period, and its technical and economic viability is questionable.
The SL and RL are decreased by the application of herbicides, regardless of the phenological stage of application, and there is a tendency for the maintenance of [4] . For glyphosate, radicle damage is much higher in relation to shoot, with an average reduction of 2.5 cm in relation to treatments without the application of herbicides [26] . In relation to the application of this herbicide in post-emergence, the shikimic acid content rises in all the parts of plant, accumulating in the root, stem and leaves. This concentration continues to increase in the roots until seven days after application, while in the other parts of the plant, it decreases [5] . This accumulation in the roots may be related with the subsequent rise of seedlings with minor leaf and root primitives. The SDM was not affected by the use of herbicides, regardless of the application stage. From the Z-83 stage, [4] report that there is reduction in the mass accumulation of plants coming from desiccation. The dry mass is 10%
smaller with use of 2 kg·ha −1 of glyphosate, with further reduction (17%) in the rootlets, specifically [26] . In the present study, the methodology used in the measurement of the dry mass may have contributed to the fact that no statistical difference was found between the treatments. Firstly, only normal seedlings were chosen, even though the rate of occurrence of the abnormal ones was much higher. Later, it would be more plausible to remove the seed for measurement, since it represents a large part of the mass of seedlings with only four days.
There were reductions in the IS and EMERs inherent in the use of herbicides;
the results followed the trend of tests expressing initial vigor and final germination (FCGT and GER). Smaller reductions were observed with use of glufosinate-ammonium and applications on Z-92 stage. In sand, seed emergence from plants desiccated with gliphosate at the Z-87 stage, when allocated up to 4 cm deep, did not differ statistically from the non-desiccated control [26] . With application to the milky grain stage (Z-79), [29] report that there is a 42% reduction in initial establishment rate and in the final plant stand due to low germination. For the conditions of the present study it is important to emphasize that the cultivar TBIO Sinuelo presented EMERs very reduced, below the 80% required by the legislation [30] . However, it was observed that this fact was not due to the pre-harvest application, because the TWA also presented germination below the required standard. to separate wheat lots and cultivars, the cold test is not suitable for evaluating the vigor of wheat seeds [31] . The authors report that the test is related to germination only when the seeds with visible germination start are used. Thus, the use of only those seeds that initiate the protrusion of the primary root at seven days at 5˚C is indicated. This may have contributed because different results were obtained at the cultivar level. Already for the vigor expressed by AA, there is a close relationship with germination. The deterioration rate of low quality seeds is stimulated by exposure to high temperature and relative humidity [32] . Therefore, for the BRS Parrudo it can be affirmed that the application of herbicides in the pre-harvest does not change the quality expressed by this character.
Higher seed deterioration was evidenced by high EC measured in herbicide treatments, regardless of the active ingredient in the first two application stages . The authors cite the most deleterious effect of glyphosate herbicide when applied in advance of paraquat when applied closest to harvest. The time of reestablishment of the integrity of the seed membranes embedded in the solution and consequent release of solutes into the external environment is measured by the EC test [33] . In this way, we can infer that the phenological stage in which pre-harvest herbicides are applied is decisive for obtaining vigorous (less deteriorated) seeds.
The fungal incidence measured by BT was not affected by herbicide treatments, with presence of pathogens in any of the conduction conditions of the experiment. The pathogen F. graminearum (teleomorph Giberellazeae), causes giberela in cereals, is widely disseminated in the agricultural field areas, and was present in practically all the samples evaluated in our experiment. High levels of rainfall during the harvest period contribute to the infection of seeds [34] . Infected seed dispersal is characterized as the main source of inoculum, briefly rendering the cultivation unfeasible [20] . In our study, comparison was made only between herbicide treatments and TWA. The application phenological stages were disregarded because the storage period of seeds harvested first, could contribute to a higher incidence of pathogens. Therefore, seeds from the Z-92
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application were used, which were harvested the same week as the TWA. Rainfall that occurred in this period was the same for all treatments. That is, there is no influence between herbicides and the incidence of pathogens.
The quality of seeds from plants where pre-harvest herbicide applications were strongly influenced by the phenological stage and the proximity of phenological maturation at the time of application than by the dose of herbicide or cultivar [29] . According to the most of our results, this practice is detrimental to vigor and seed germination. If, there are agronomic needs to anticipate the wheat harvest, one should choose glufosinate-ammonium from the Z-87 stage.
In this way, there will be little reduction in the physiological quality of seeds.
Conclusions
The application of non-selective herbicides on wheat pre-harvest impairs the physical and physiological quality and promotes faster deterioration. Vigor is reduced under stress conditions by cold test and accelerated aging. There is no influence on seed sanity.
In general, applications in phenological stages prior to Z-87 stage, especially with the herbicide paraquat should be avoided.
